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layer. A drain layer (114) which penetrates into the semiconductor 
layer, is 

formed. Then, a gate insulating film (108) is installed on the 
semiconductor 

layer. A gate electrode (109) is formed adjacent to the gate 
insulating film. 

A first and second source cell are provided and a drain cell is 

connected to 

the second source cell. 

ADVANTAGE - Improves current density of source cell. Increases 
channel width 
per unit area. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce ON resistance of a power MOS FET by increasing the 
channel width per unit area. 

SOLUTION: On a P-type silicon substrate 101, an N buried layer 104 is formed, on 
which an N-type epitaxial layer 102 is formed. An N+ type drain leading-out layer 
105 is formed which penetrates the epitaxial layer 102 and reaches the buried layer 
104. A gate electrode 109 is formed, and a P-type diffusion layer 110 turning to a 
channel region and an N-type diffusion layer 111 turning to a source region are 
formed by a double diffusion method using the source aperture of the gate 
electrode. After a first interlayer insulating film 112 is formed and a contact 
hole is made, a first drain electrode 114 and a source electrode 115 are formed, on 
which a second interlayer insulating film 116 is formed. After a through hole is 
formed, a second drain electrode 118 is formed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which can reduce especially 
the on resistance of power metal-oxide semiconductor field effect transistor about the semiconductor 
device which integrated at least one output stage power metal-oxide semiconductor field effect transistor 
and the small signal semiconductor device for control to the monolithic. 
[0002] 

[Description of the Prior Art] As power metal-oxide semiconductor field effect transistor, constituting as 
a vertical mold component has been performed widely conventionally. Drawin g 5 is the sectional view 
of the power metal-oxide semiconductor field effect transistor of the vertical mold structure called 
VDMOS (Vertical Double-diffused MOS), and drawin g 6 is the top view (however, in drawing 6 , in 
order to make drawing legible, illustration of parts other than source opening 209a, i.e., source opening 
of a gate electrode, is omitted). 

[0003] This device is produced as follows. n+ n mold epitaxial layer 202 is grown up on the mold 
silicon substrate 201, and the gate electrode 209 which consists of polish recon etc. through gate oxide 
208 is formed on a substrate. Source opening 209a is prepared in the gate electrode 209. p mold 
diffusion layer 210 which pours in boron through this source opening 209a, and serves as a base region 
(channel field) is formed, n+ which introduces an arsenic, removes a mask, introduces boron further, and 
becomes a source diffusion layer after forming a photoresist mask in source opening p+ used as the 
mold diffusion layer 211 and a backgate field The mold diffusion layer 223 is formed. After forming an 
interlayer insulation film 212 in a substrate front face and puncturing a contact hole, the source electrode 
215 is formed, and a drain electrode is formed in a substrate rear face, and manufacture of the illustrated 
device is completed. 

[0004] When the eel (basic transistor) consistency improved by advance of ultra-fine processing 
technology in recent years, the current path per unit area increases, on resistance decreases according to 
it, and on resistance is lOOmohm and mm2 with the device of pressure-proofing not more than 60V. The 
thing of low on resistance to cut is announced. 

[0005] However, n+ which occupies the great portion of thickness of a chip while channel resistance 
will decrease, if detailed-ization progresses as mentioned above Resistance Rsub of the mold silicon 
substrate 201 It is impossible to ignore. It turned out that, as for ******** and on resistance Ron, 
Ron=Rch+RjFET+Repi+Rsub, however Rch come to occupy 30 - 40% of the whole as series resistance 
of each part of a device. : Channel resistance RjFET: The junction type FET section resistance Repi : 
Epitaxial layer resistance Rsub : It is n+ when cell size comes to cut 12x12 micrometers according to 
this invention person's etc. count, although expressed with substrate resistance. Substrate resistance 
Rsub of the mold silicon substrate 201 

[0006] in addition, the above-mentioned value - gate oxidation thickness =500A, gate voltage =10V, 
specific resistance =0.4 ohm-cm of n mold epitaxial layer, and n mold - epitaxial - layer thickness 
=6micrometer and n+ Specific resistance =0.015 ohm-cm of a mold silicon substrate, and n+ It is the 
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value calculated as thickness =270micrometer of a mold silicon substrate, and cell size 
= 12xl2micrometer. Above-mentioned n+ Although there are an approach of raising high impurity 
concentration and the approach of making thickness thin as an approach of reducing resistance of the 
mold silicon substrate 201, there is a problem of the wafer crack according [ the problem of crystalline 
aggravation of n mold epitaxial layer 202 ] to the fall of mechanical strength in the latter at the former, 
and all are coming to the limitation. 

[0007] Moreover, in addition to the high side switch which a drain terminal links with a power source 
directly, there is a problem that the formation of many outputs of output stage power metal-oxide 
semiconductor field effect transistor is impossible, for the structure of taking a drain electrode from a 
silicon substrate rear face. The power metal-oxide semiconductor field effect transistor which has 
arranged the drain in the longitudinal direction and which is called LDMOS (Lateral Double-diffused 
MOS) is one of things coping with the trouble of these VDMOS(s). Drawin g 7 is the sectional view of 
LDMOS indicated in JP,3-257969,A, and drawing 8 is the top view. 

[0008] As shown in drawing 7 , in the surface field of n mold epitaxial layer 302 on the p-type silicon 
substrate 301, it is n+. n+ which p mold diffusion layer 310 used as the mold drain diffusion layer 305 
and a base layer is established, and becomes a source diffusion layer further in p mold diffusion layer 
310 The mold diffusion layer 31 1 and p+ The mold diffusion layer 323 is formed. On the substrate, the 
gate electrode 309 is formed through gate oxide 308, and the 1st interlayer insulation film 312 is formed 
on it. The source electrode 315 and the 1st drain electrode 314 are formed through the contact hole 
punctured by the 1st interlayer insulation film 312. On it, the 2nd interlayer insulation film 316 and the 
2nd drain electrode 318 are formed. 

[0009] As shown in drawing 8 , square drain opening (contact hole formed in 1st interlayer insulation 
film 312) 305a and source opening (opening formed in gate electrode 309) 309a of a hexagon are 
formed by turns. Setting to the device shown in drawing 7 and drawin g 8 , a current is n+. It passes 
along the inversion layer of p mold diffusion layer 310 through n mold epitaxial layer 302 from the 
mold drain diffusion layer 305, and is n+ of a source diffusion layer. In order to mainly flow on a 
substrate front face to the mold diffusion layer 31 1, the effect of substrate resistance decreases. 
[0010] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional VDMOS shown in 
drawing 5 R> 5 and drawing 6 , the limitation was to make on resistance low under the effect of 
substrate resistance, and there was a problem also as circuit application that the formation of many 
outputs of output stage power metal-oxide semiconductor field effect transistor was impossible, for 
applications other than a high side switch. 

[001 1] Moreover, at the LDMOS structure shown in drawing 7 and drawing 8 , it is n+ within p mold 
diffusion layer (channel field) 310. It is n+ to the mold diffusion layer 311 and the location which 
counters, p mold diffusion layer 310 and n+ since it is necessary to establish the mold drain diffusion 
layer 305 The mold drain diffusion layer 305 must be arranged by turns, and a eel consistency cannot be 
raised effectively. Furthermore, since a channel is not effectively formed in the field in which p mold 
diffusion layer 310 comrades have countered, the whole on resistance cannot be reduced sharply. 
[0012] Moreover, since p mold diffusion layer and the drain field used as a channel field are formed on 
the same flat surface in the conventional LDMOS, they are channel resistance and the substrate 
resistance Rsub by VDMOS. The corresponding drain diffused resistor Rdr was not able to be made low 
to coincidence. For example, when pressure-proofing is made high more than with 100V, since the rate 
of the drain diffused resistor Rdr occupied to on resistance becomes high, in order to reduce this, area of 
drain opening 305a must be enlarged, but enlarging area of drain opening 305a will cause contraction of 
the area of source opening 309a inevitably, and since Rch increases, it cannot reduce the whole on 
resistance. 

[0013] The place which this invention is made that the trouble of the conventional technique mentioned 
above should be solved, and is made into the purpose is offering the power IC containing the power 
metal-oxide semiconductor field effect transistor of the horizontal-type structure in which on resistance 
still lower than the power metal-oxide semiconductor field effect transistor of the conventional 
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technique is possible. 
[0014] 

[Means for Solving the Problem] The semiconductor device by this invention for attaining the above- 
mentioned purpose The semi-conductor layer of the 1st conductivity type formed on the semi-conductor 
substrate (101) (102), Said semi-conductor layer and the embedding diffusion layer which was formed 
between said semi-conductor substrates and by which the impurity of the 1st conductivity type was 
doped by high concentration (104), Two or more base diffusion layers of the 2nd conductivity type 
regularly formed in the surface field of said semi-conductor layer on said embedding diffusion layer 
(1 10), The source diffusion layer of the 1st conductivity type formed in the surface field of said base 
diffusion layer (111), 1 thru/or two or more drain raising diffusion layers (105) which penetrates said 
semi-conductor layer and reaches said embedding diffusion layer, The gate electrode which has opening 
on said base diffusion layer formed through gate dielectric film on said semi-conductor layer, and said 
drain raising diffusion layer (109), When dividing the semi-conductor layer in which it ****(ed) and 
said base diffusion layer was formed into the source eel in which said base diffusion layer was formed, 
and the drain eel in which said drain raising diffusion layer was formed, The 1st source eel (120) of the 
square in which one side has the 1st dimension sets the 2nd dimension in a line writing direction and the 
direction of a train with 1 thru/or the arranged source cell block respectively longer than the 1st 
dimension in a line writing direction and the direction of a train, and is arranged in them. It is 
characterized by arranging the 2nd source eel (121) of the rectangle which makes the 1st dimension and 
2nd dimension the die length of each side between said 1st source eel, and arranging the drain eel (122) 
in the field inserted into the 2nd source cel. 

[0015] And preferably, it is separated into two or more fields by the discrete insulating layer (103) 
which penetrates this semi-conductor layer, said semi-conductor layer (102) is formed in one field where 
insulating separation of said embedding diffusion layer and said base diffusion layer was carried out, 
and other MOS transistors and/or bipolar transistors are formed in other fields by which insulating 
separation was carried out. 
[0016] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 1 and drawing 2 are the sectional views of the semiconductor chip for 
explaining the gestalt of operation of this invention ( drawing 1 is the right half of a sectional view, and 
drawing 2 is the left half of a sectional view). As shown in this drawing, n mold epitaxial layer 102 is 
formed on the p-type silicon substrate 101, and p mold discrete insulating layer 103 for separating this 
electrically in this n mold epitaxial layer 102 is formed. The bipolar component and CMOS for control 
are formed in each field to which n mold epitaxial layer 102 was separated outside power metal-oxide 
semiconductor field effect transistor. In order to form n channel MOS FET, p mold well layer 106 is 
formed in the CMOS formation field. On the substrate, the field insulator layer 107 for separating each 
component is formed. 

[0017] Between n mold epitaxial layers 102 separated from the p-type silicon substrate 101 by the 
component, sheet resistance is n+ of 5-20ohms / **. The mold embedding layer 104 is formed and this 
embedding layer 104 is n+. It is pulled out by the mold drain drawer layer 105 on the substrate. This n+ 
n+ which p mold diffusion layer 110 which is a base diffusion layer is formed on the mold embedding 
layer 104, and becomes a source field in the surface field of this p mold diffusion layer The mold 
diffusion layer 1 1 1 is formed. Moreover, it is n+ although not illustrated. In the field inserted into the 
mold diffusion layer 1 1 1, it is p+ of a backgate field. The mold diffusion layer is formed. 
[0018] Gate oxide 108 is formed on the front face of n mold epitaxial layer 102, and the gate electrode 
109 which consists of polish recon is formed on this gate oxide 108. The 1st interlayer insulation film 
1 12 is formed on this gate electrode 109 and gate oxide 108, and the 1st thru/or the 4th contact hole 
1 13a- 1 13d are established in this 1st interlayer insulation film 1 12. In the 1st and 4th contact hole 1 13a 
and 1 13d, it is said n+. n+ which the 1st drain electrode 1 14 electrically connected to the mold drain 
drawer layer 105 is formed, and is a source field in the 2nd and 3rd contact hole 1 13b and 1 13c and on 
the 1st interlayer insulation film 1 12 The source electrode 115 electrically connected to the mold 
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diffusion layer 1 1 1 is formed. 

[0019] The 2nd interlayer insulation film 1 16 is formed on the 1st drain electrode 1 14, the source 
electrode 115, and the 1st interlayer insulation film 112, and the 1st and 2nd through holes 1 17a and 
1 17b are established in this 2nd interlayer insulation film 1 16. In these through hole 1 17a and 1 17b and 
on the 2nd interlayer insulation film 1 16, the 2nd drain electrode 118 which connects between the 1st 
drain electrode 1 14 is formed so that the source electrode 115 may be covered completely. The 
protection insulator layer 1 19 is formed on the 2nd drain electrode 118 and the 2nd interlayer insulation 
film. In drawing 1 , although two p mold diffusion layers 1 10 are indicated, many p mold diffusion 
layers are arranged in space perpendicularly regularly in parallel in fact. Moreover, n+ The mold drain 
drawer layer 105 is suitably arranged also not only between the periphery of a component but between p 
mold diffusion layers 1 10. 

[0020] Thus, in formed MOSFET, a drain current does not mind a substrate, but it is n+. The mold 
embedding layer 104 and n+ Substrate resistance Rsub in VDMOS since it is taken out through the mold 
drain drawer layer 105 The corresponding drain diffused resistor Rdr (n+ the mold embedding layer 104 
and n+ resistance of the mold drain drawer layer 105) can be stopped low. Moreover, since a source 
diffusion layer is countered and it becomes unnecessary to form a drain diffusion layer on a substrate 
front face, improvement in a source eel consistency can be carried out, and further, since the field of the 
periphery of p mold diffusion layer 110 will function as a channel field mostly, it can increase effectual 
channel width sharply and can reduce effectively both the channel resistance Rch and the junction type 
FET section resistance RjFET. 
[0021] 

[Example] Next, the example of this invention is explained with reference to the pattern Fig. of the 
power-metal-oxide-semiconductor-field-effect-transistor section. 

[1st example] drawing 3 is a flat-surface pattern Fig. for explaining the 1st example of this invention. On 
the substrate, the gate electrode which has source opening 109a and drain opening 109b is formed. n+ 
used as p mold diffusion layer 110 and a source field A mold diffusion layer (with no illustration) is 
formed using the so-called double diffusion test through source opening 109a. Moreover, in drain 
opening 109b, it is n+. Although the mold drain drawer layer 105 is formed, this is the diffusion layer 
formed through drain opening 105a formed in the diffusion mask (photoresist). 

[0022] As shown in drawing 3 , p mold diffusion layer 1 10 is formed in the 1st, the 2nd source eel 120, 
and 121, and it is n+. The mold drain drawer layer 105 is formed in the drain eel 122. In a design, the 1st 
source eel 120 is arranged in pitches [ target / regulation ]. Next, in the 1st source eel 120, the drain eel 
122 is regularly arranged in pitches [ eel / 120 / 1st / source ] in the location which carries out a vertical 
angle, and the 2nd source eel 121 is regularly arranged in pitches [ eel / 120 / 1st / source ] in the 
location which faces each side of the 1st source cel. 

[0023] The pattern of the 1st source eel 120 is a square, and the dimension a of one side is the width of 
face a of the gate electrode 109, p mold diffusion layer 1 10, and n+. It is shown by the sum of the 
aperture width b of the gate electrode 109 which forms the mold diffusion layer 1 1 1 by double diffusion 
(henceforth source aperture width). The width of face a of the gate electrode 109 is designed from the 
dimension which makes min resistance RjFET of the junction type FET section inserted into the 
longitudinal direction breadth of p mold diffusion layer 1 10, and the source aperture width b is set as the 
lower limit of ultra-fine processing technology. These dimension designs are the same as the design 
technique of VDMOS shown conventionally by a diagram, and are values reduced by advance of ultra- 
fine processing technology every day. Rch and RjFET in the whole on resistance are optimized by this 
design. 

[0024] The pattern of the drain eel 122 is a square and the dimension B of one side is n+. It is shown by 
the sum of the offset length e of the aperture width c and longitudinal direction breadth d of the mask for 
forming the mold drain drawer layer 105, and n mold epitaxial layer 102. The mask aperture width c is 
drain drawer resistance per unit area (resistance given by A-R.). A: The diffusion layer cross section, R : 
it is designed by the dimension which makes resistance min and the offset length e of n mold epitaxial 
layer 102 is designed by the same technique as the usual proof-pressure design. Moreover, substrate 
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resistance Rsub of VDMOS p+ of the field in which the source eel and the drain eel were prepared in 
order to reduce the corresponding drain diffused resistor Rdr n+ mold embedding layer 104 is spread on 
the mold silicon substrate 101 . By these designs, it is Repi in the whole on resistance. Rsub The 
corresponding drain diffused resistor Rdr is optimized. 

[0025] The pattern of the 2nd source eel 121 is a rectangle, and the dimension of one side is designed by 
the dimension B with which other one side was designed by said approach by A designed by said 
approach. For example, since it is decided that die length of one side of a drain eel will be the integral 
multiple of die length of one side of a source eel when a source eel is constituted only from a square 
thing, Although the degree of freedom of a design can fall, a drain eel cannot be made small enough as a 
result and the whole on resistance cannot fully be reduced, according to this invention, it is using the 
above design approaches. Each resistance Rch which constitutes the on resistance of the whole output 
stage power metal-oxide semiconductor field effect transistor, RjFET, Repi, and Rdr are optimized by 
coincidence, respectively, and the on resistance as the whole is reduced sharply. In addition, although 
the line of one line in which the line only containing a source eel contains two lines, a source eel, and a 
drain eel is shown in drawing 3 , it can constitute so that the eel of many in the repeat of the same 
pattern may be included. 

[0026] The 2nd example of [2nd example] this invention is explained with reference to drawing 4 which 
is the flat-surface pattern Fig. It is only that, as for this example, the arrangement patterns of each eel 
differ, and the design technique and manufacture approach are the same as that of the case of the 1st 
example. Although the 2nd one source eel 121 is arranged and the 1st source eel 120 was arranged 
between the 2nd source eel 121 in eel arrangement of the 1st example between the drain eels 122 
regularly arranged in the ** pitch It is changed into the pattern which arranges the 2nd two source eels 
121 between [ each ] drain eels, and arranges the 1st source eel 120 at a time between [ two ] the 2nd 
source eel 121 in this example. Thus, by constituting, the rate of occupying in the eel of the whole 
source eel can be made high, a eel consistency can be raised, and the channel resistance Rch can be 
reduced. 

[0027] Thus, although the channel resistance Rch is reduced in the 2nd example by making the train list 
of the 1 st source eel and the 2nd source eel into plurality, since the rate of on the other hand occupying 
in the eel of the whole drain eel becomes low and the drain diffused resistor Rdr increases, the design 
which optimizes the number of train lists of the source eel between drain eels is called for. Although it is 
the value which makes the sum of Rch and Rdr min, since the rates of occupying to the resistance of 
Rch and the whole Rdr by pressure-proofing differ, this optimal value is determined for every pressure- 
proofing, naturally — coming out - although it is, since the rate of occupying to resistance of the whole 
Rch becomes high so that pressure-proofing is low, since Repi becomes low by things if pressure- 
proofing becomes low - the thickness of n mold epitaxial layer ~ thin — becoming - the high-impurity- 
concentration backlash - **, the train list of a source eel is made [ many ], and it becomes that it is more 
advantageous to aim at improvement in a eel consistency. 

[0028] According to this invention person's etc. count, by the eel arrangement of this example shown in 
drawing 4 , when the dimension of about 12 micrometers and B was designed for the dimension of A to 
about 1 7 micrometers, pressure-proofing of output stage power metal-oxide semiconductor field effect 
transistor was able to obtain the result of 124m ohm-mm 2 (gate voltage =10V) in series resistance 55V. 
[0029] 

[Effect of the Invention] The power metal-oxide semiconductor field effect transistor according to this 
invention as explained above is a drain current n+ A mold embedding layer and n+ Since it is made to 
take out through a mold drain drawer layer, the value of the drain diffused resistor equivalent to the 
substrate resistance in the conventional example can be reduced sharply. Furthermore, in a substrate 
front face, since it becomes unnecessary to arrange a source diffusion layer and a drain diffusion layer 
face to face, and the consistency of a source eel can be raised and the channel width per unit area can be 
made to increase, the both sides of the channel resistance Rch and the junction type FET section 
resistance RjFET can be reduced. Therefore, according to this invention, the semiconductor device with 
which current density was equipped with the power metal-oxide semiconductor field effect transistor of 
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the low high high performance of on resistance can be offered. 
[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The right half of the sectional view for explaining the gestalt of operation of this invention. 

[Drawin g 2] The left half of the sectional view for explaining the gestalt of operation of this invention. 

[Drawing 3] The flat-surface pattern Fig. showing the 1st example of this invention. 

[Drawing 4] The flat-surface pattern Fig. showing the 2nd example of this invention. 

[Drawing 5] The sectional view of the 1st conventional example. 

[Drawing 6] The flat-surface pattern Fig. of the 1st conventional example. 

[Drawing 7] The sectional view of the 2nd conventional example. 

[Drawin g 8] The flat-surface pattern Fig. of the 2nd conventional example. 

[Description of Notations] 

101 301 P-type silicon substrate 

201 N+ Mold Silicon Substrate 

102, 202, 302 n mold epitaxial layer 

103 P Mold Discrete Insulating Layer 

104 N+ Mold Embedding Layer 

105 N+ Mold Drain Drawer Layer 
105a, 305a Drain opening 

305 N+ Mold Drain Diffusion Layer 

106 P Mold Well Layer 

107 Field Insulator Layer 
108,208,308 Gate oxide 

109, 209, 309 Gate electrode 

109a, 209a, 309a Source opening of a gate electrode 
109b Drain opening of a gate electrode 

1 10, 210, 310 p mold diffusion layer (base layer; channel field) 
111,211,311 n+ Mold diffusion layer (source diffusion layer) 
112 312 The 1st interlayer insulation film 

212 Interlayer Insulation Film 

1 13a The 1st contact hole 

1 13b The 2nd contact hole 

1 13c The 3rd contact hole 

1 13d The 4th contact hole 

1 14 314 1st drain electrode 

214 Drain Electrode 

115, 215, 315 Source electrode 

116 316 The 2nd interlayer insulation film 

1 17a The 1st through hole 

117b The 2nd through hole 
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1 1 8 3 1 8 2nd drain electrode 

1 19 Protection Insulator Layer 

120 1st Source Cel 

121 2nd Source Cel 

122 Drain Cel 

223 323 p+ Mold diffusion layer (backgate field) 



[Translation done.] 
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